Abstract. We outline the derivation of the Hawking quanta-partner signal in correlations, and highlight the specific application to detect it in density-density correlations in BECs.
The situation appears more promising if we look at the signature of this effect in the correlations, exploiting the crucial (and obvious) fact that in this context the acoustic origin of the horizon does not forbid correlation measurements between the exterior and the black hole.
We shall outline here a derivation of the Hawking effect for the case of a 2D conformal scalar field φ propagating in the two-dimensional (t, x) section of the BEC acoustic geometry
in which we consider a one-dimensional condensate with constant number density n and velocity v (< 0) along x (m is the mass of the atoms), and the only non-trivial quantity is the speed of sound c(x, t), that can be tuned by varying the atom-atom scattering length. The formation of the acoustic black hole is described by considering an initial spatially homogeneous configuration with c in = const. > |v| for t < 0 ('in' region) turning, as t > 0, into a nonhomogeneous one with c(x) > |v| (c(x) < |v|) for x > 0 (x < 0) and an acoustic horizon (defined by c(x) + v = 0) at x = 0 ('out' region).
Our quantum fieldφ is prepared in the state |in , which is the ground state of the decompositionφ
where u 
and |in satisfies the conditionâ u(v),in w |in = 0 for all w. To find the physical consequences of the choice of |in state in the 'out' region we need to evolve the 'in' modes and connect them with the 'out' modes basis. Moreover, being right-moving and left-moving modes decoupled we will only consider the u sector, which is the revelant one for our purposes.
A positive frequency 'in' mode
is matched with a linear combination of both positive and negative frequency 'out' modes,
, u out = t − dx v+c(x) (such modes are positive frequency outside the horizon (x > 0) and negative-frequency inside (x < 0))
with Bogoliubov coefficients α and β. Such coefficients are given by the scalar products
It can be shown that the global solution (4)-(6) satisfies the two-dimensional Klein-Gordon equation ∇ 2 φ = 0 including the matching conditions at t = 0 ([ ] means variation across the jump at t = 0)
i.e. 
√ we 
Restricting to the exterior of the horizon it is not difficult to show, using the near-horizon expansion c(x) ∼ −v + κx with κ the horizon's surface gravity to evaluate explicitly the main contribution to the Bogoliubov coefficients
that at late retarded times u the state |in is thermally populated of Hawking-Unruh quanta
The Dirac δ, associated to the use of continuum plane wave modes, would disappear if we considered wave-packets instead. The possibility of exploring the interior region as well allows us to study the correlations between the emitted quanta and their partners inside the horizon. To determine the symmetric two-point function in|{φ(t, x),φ(t ′ , x ′ )}|in ≡ 1 2 in|φ(t, x)φ(t ′ , x ′ ) +φ(t ′ , x ′ )φ(t, x)|in for, say, x < 0 and x ′ > 0 we need also the Bogoliubov coefficients in the interior region
and we get (we select only the relevant u-sector contribution)
where u bh = t − x dy v+c(y) (with x < 0) and
. Going specifically to the BEC case, the quantity of interest in the experiments is the one time, normalized correlation function of the density fluctuations G (2) (t; x, x ′ ) = 1 n 2 n 1 (t, x)n 1 (t ′ , x ′ ) | t=t ′ . In the hydrodynamical approximationn 1 = − n mc 2 (∂ t + v∂ x )θ 1 and the phase operatorθ 1 is well approximated, up to a proportionality factor, by our fieldφ (θ 1 ∼ mc nφ , see [7] for more details). If we consider points sufficiently far away so that the speed of sound is well approximated with its asymptotic values c(x) → c l , c(x ′ ) → c r a straightforward calculation, using the crucial result (15), gives
These correlations characterize neatly the Hawking effect, namely the dependence on the surface gravity in the height and width and in particular the stationary peak at
v+cr identifying pairs of quanta created just inside and just outside the horizon at all times after its formation and traveling in opposite directions.
The robustness of these correlations has been numerically observed in an analysis carried out using the microscopic theory in [8] , where it has been also shown that this effect is still present and clearly visible even in the presence of a (bigger) thermal background. Inserting numbers for existing experiments, we have correlations of the order of 10 −3 , small but not negligible. Proposals to amplify the signal by a factor 10 by following the formation of the acoustic black hole with a period of free expansion may be important for the experimental search [9] . These facts, together with the vast technology available nowadays, indicate that density correlation measurements are very promising for an experimental verification of the Hawking-Unruh effect in the near future.
